ABSTRACT: Most studies of the sand fly fauna in southeastern Brazil are conducted in the peridomiciliary environment of leishmaniasis endemic regions. Therefore, to increase the knowledge about diversity and richness of sand fly conservation areas, we describe here the sand fly fauna from the National Forest of Goytacazes (NFG), state of Espírito Santo, Brazil, and its surroundings areas. We also used sand fly fauna records from eight conservations units within the state of Espírito Santo to understand the similarity and relationships among them. The sand flies were simultaneously collected from June, 2008 to May, 2009 in two different environments: a preserved environment represented by the NFG and a modified environment represented by a peridomicile. To establish the similarity among the conservation units, we used a method very similar to parsimony analysis of endemism. We collected 2,466 sand fly specimens belonging to 13 species. Pressatia choti and Nyssomyia intermedia were the most abundant sand fly species. Ny. intermedia is a known vector of Leishmania braziliensis and epidemiological surveillance must be conducted in the area. We discuss aspects regarding the diversity of sand flies as well as the risk of transmission of Leishmania parasites in the area. We also provide for the first time a hypothesis of similarity relationships among conservation units within the state of Espírito Santo. Journal of Vector Ecology 40 (1): 28-35. 2015.
INTRODUCTION
Despite its degradation and deforestation, the Atlantic Forest still remains one of the hotspots of vertebrate biodiversity in the world (Myers et al. 2000 , Orme et al. 2005 . Since vertebrates are the food source for hematophagous insects, we can also predict that the Atlantic forest biome has high species richness of insects such as fleas, mosquitoes, and phlebotomine sand flies.
The phlebotomine sand flies (Diptera: Psychodidae) are the main leishmaniasis vectors along the Brazilian states situated on the Atlantic coast, such as the state of Espírito Santo. Historically, almost all the studies of sand fly fauna in this state were conducted in disturbed areas of endemic leishmaniasis regions as a result of the medical and veterinary importance of these flies (Barros et al. 1985 , Ferreira et al. 2001 , Pinto et al. 2010a , Pinto et al. 2012a ). Only recently, some studies were conducted in conservation units next to leishmaniasis endemic (Pinto et al. 2012b) or nonendemic (Pinto et al. 2012b) areas. These last studies highlighted the importance of sand fly surveys in preserved environments, which present higher species richness than in disturbed areas. In Espírito Santo, there have been only two surveys on sand fly fauna that were simultaneously conducted in a conservation unit and in a surrounding area to compare sand fly fauna between the two different environments, also recording higher species richness in the preserved environment (Virgens et al. 2008 , Ferreira et al. 2013 .
Nevertheless, some of the conservation units situated in Espírito Santo still lack an inventory of sand fly fauna. Furthermore, there is also no information about the similarity among conservation units within the state of Espírito Santo based on sand fly species records. Therefore, our aim was to describe, for the first time, the sand fly fauna from the National Forest of Goytacazes and surrounding areas of southeastern Brazil. In addition, we used sand fly fauna records from conservations units of the state of Espírito Santo to understand the similarity and the relationships among them.
MATERIALS AND METHODS

Study area
The study was carried out simultaneously in two different environments: 1) a preserved environment represented by the National Forest of Goytacazes (NFG), and 2) a modified environment represented by a peridomicile with some domestic animals, such as dogs, chickens, and pigs.
The NFG (19º 28' 01" S; 40º 04' 18" W; elevation of 10 m [a.s.l.]) is a federal conservation unit situated in the municipality of Linhares, state of Espírito Santo, southeastern Brazil ( Figure 1 ). Currently, the NFG covers an area of 1,424 hectares and is a remnant of the Atlantic Forest on the Doce River alluvial floodplain (Rolim et al. 2006) . Almost all the NFG area is covered by a secondary forest, but the vegetation is dense with trees as tall as 30 m that present moderate overlapping canopies. The Köppen-Geiger climate classification for the region is tropical monsoon (Peel et al. 2007 ). The average temperatures range from 11 to 18° C in the colder months (June to August) and from 30 to 34° C in the warmer months (December to March), with annual rainfall of approximately 1,200 mm (Hijmans et al. 2005) .
Sand fly captures
The sand flies were collected simultaneously in the modified and preserved environments from June, 2008 to May, 2009 . For each night and environment, we used one illuminated Shannon trap and two CDC (Center for Disease Control) automatic light traps. For each environment, one of us collected sand flies with an aspirator during the first three h of the night (18:00 to 21:00) in the illuminated Shannon trap, while one automatic light trap was installed up to one m above ground level and the other in the tree canopy (at ~10 m height). The automatic light traps worked during the night (18:00 to 21:00). We spent 36 collection hours for each trap and a total of 108 collection hours for each environment.
The sand flies collected were stored in 70% ethanol and mounted on glass slides using the technique of Barretto and Coutinho (1940) . We used the classification of Galati (1995 Galati ( , 2003 and the abbreviation of generic names of Marcondes (2007) . We identified all the species according to morphological characters with the taxonomic key of Galati (2003) . The sample material was deposited in the entomology collection of the Department of Tropical Medicine at the Federal University in Espírito Santo.
Climate data (rainfall, relative humidity, and mean temperature) were obtained from a station of the National Institute of Meteorology situated at the Espírito Santo state Institute for Research, Technical Assistance, and Rural Extension (INCAPER), municipality of Linhares, which borders the NFG.
Statistical analysis
We evaluated the specific richness (S), equitability (J), and Shannon's diversity index for each environment, kind of trap, and vertical stratum. These analyses were performed in PAST (Hammer et al. 2001) .
We used the Mann-Whitney test to verify differences between the numbers of sand fly specimens collected by the CDC automatic trap on the ground level and on the tree canopy for the two environmental samplings. We used the Spearman non- parametric test to evaluate the correlation between climate data and the most abundant species for each environment and vertical stratum. We considered the differences to be significant at p < 0.05. These analyses were performed in Biostat 5.0.
Similarity analysis
To establish the similarity among conservation units within the state of Espírito Santo, we used eight conservation areas as Operational Geographic Units (OGUs) (Crovello 1981) and sand fly species records were used as characters (Table 1) (0) and its presence as a derived character (1) of an OGU. For the tree rooting, we used a hypothetical locality having no taxa, a procedure known as Lundberg rooting following Rosen (1988) and Costa et al. (2000) . Fifty-two species occurrences were used as characters. All characters were treated as equally weighted and unordered in the similarity analyses. The data matrix (Table 1) was built in Mesquite (Maddison and Maddison 2006) . The data were analyzed using the maximum parsimony optimality criterion from PAUP* 4.0b10 (Sinauer, Sunderland, MA) and the interface PaupUp 1.0.3.1 for Microsoft Windows 95/NT. We conducted a heuristic search using tree-bisection-reconnection as a branch swapping algorithm with a starting tree obtained through stepwise addition held with one tree at each step and computed a strict consensus of the most parsimonious trees. All the trees were inspected using FigTree v1.3.1.
RESULTS
We collected 2,466 sand fly specimens belonging to 13 species, nine genera, and four sub-tribes: Brumptomyiina -Brumptomyia cunhai (Mangabeira 1942 (Martins, Falcão and Silva 1975) .
The number of sand flies collected was higher in the peridomiciliary environment (n = 2,001) than in the forest environment. However, the species diversity and richness were higher in the forest than in the peridomiciliary environment. The overall male/female sex ratio was 0.88 and, for captures using the Shannon modified trap and the CDC traps, the ratios were 0.78 and 1.33, respectively. The number and sex of the species collected with the Shannon trap and the CDC trap for both environments are presented in Tables 2 and 3, respectively. Pressatia choti was the most abundant sand fly species collected with 720 specimens (29.2%), followed by Ny. intermedia, 716 specimens (29.0%). Pr. choti was also the most abundant species, followed by Ny. intermedia for each stratum analyzed for the two environments sampled (Table 3) . Therefore, only these two species were used in the statistical analyses.
The number of Ny. intermedia collected in the peridomiciliary environment was significantly higher than in the forest environment. There is no significant difference between the number of collected specimens belonging to Pr. choti and Ny. intermedia between the ground level and the tree canopy level for each environment.
In the forest environment, Pr. choti was negatively correlated with monthly rainfall (R = -0.76, p = 0.00) and Ny. intermedia was negatively correlated with monthly rainfall (R = -0.70, p = 0.01) and monthly average temperature (R = -0.76, p = 0.00). In the peridomicile, Pr. choti was negatively correlated with monthly rainfall (R = -0.73, p = 0.00) and Ny. intermedia was negatively correlated with monthly average temperature (R = -0.65, p = 0.02).
Regarding the similarity analysis, we found two most parsimonious trees (Figure 2 
DISCUSSION
The sand fly fauna recorded in the National Forest of Goytacazes was similar to that of forested regions of northern Espírito Santo, with an abundance of Pr. choti (Virgens et al. 2008 , Pinto et al. 2012b ). Considering only the species from the modified environment sampled near the NFG, Ny. intermedia and Mg. migonei were also abundant. This seems to be a pattern along the state of Espírito Santo, as pointed out by different works conducted in modified environments (Barros et al. 1985 , Falqueto et al. 1991 , Ferreira et al. 2001 , Virgens et al. 2008 , Pinto et al. 2010a . These last two species are incriminated in the transmission of Leishmania braziliensis Vianna, 1911 in endemic areas of cutaneous leishmaniasis along the Brazilian Atlantic coast (Gomes et al. 1983 , Rangel et al. 1984 , Teodoro et al. 1993 , PitaPereira et al. 2005 . Therefore, despite the absence of leishmaniasis records close to the NFG to date, it is important to maintain epidemiological surveillance in the area.
The number of Mg. migonei specimens collected was lower in Table 1 Ev. callipyga Ev. costalimai Pi. fischeri Table 3 . Number and sex of sand fly species collected with CDC traps in two different strata from forest ambient and peridomiciliary ambient from June, 2008 to May, 2009 at the Goytacazes National Forest, municipality of Linhares, state of Espírito Santo, southeastern Brazil. (T = Total; S = species richness; J = equitability; H = Shannon's diversity). *Brumptomyia sp. probably refers to females of Brumptomyia cunhai (Mangabeira, 1942) ; **Evandromyia spp. refers to females of Ev. callipyga (Martins and Silva, 1965) or Ev. costalimai (Mangabeira, 1942) ; *** Pressatia spp. refers to females of Pr. choti or Pr. equatorialis. The abbreviation of generic names follows the model proposed by Marcondes (2007) .
the forest environment. This same result was observed by different authors in the Atlantic forest biome (Cortez et al. 2007 , Pinto et al. 2010b as well as in the Amazon rainforest (Dias-Lima et al. 2002) . However, the number of Mg. migonei specimens collected within the forest environment in the NFG was lower in the canopy level, different from the results found by Cortez et al. (2007) in an Atlantic forest area of northeastern Brazil, by Marcondes et al. (2001) in an Atlantic forest area of southern Brazil, and by Dias-Lima et al. (2002) in an Amazon rainforest area of northern Brazil. Despite the low number of Mg. migonei collected in the NFG, the higher number of specimens collected on the ground level of the forest can be epidemiologically important. Since Mg. migonei has a role in the transmission of L. braziliensis parasites, the higher numbers of this insect at ground level can favor the contact between the parasites and human hosts via vectors. Ps. hirsutus and Ev. sallesi were already found naturally infected with Leishmania parasites (Rangel et al. 1985 , Saraiva et al. 2009 ), however, they deserve no special attention in the NFG, since they were collected in very low numbers and the role of these species in the transmission cycle of Leishmania parasites still remains unclear.
The species diversity and richness were higher in the forested environment than in the modified environment. This was also reported by Virgens et al. (2008) at the Sooretama Biological Reserve. These authors discussed that this pattern can be explained by the greater variety of resting sites provided by vegetation cover. Sampling sand flies from another Atlantic Forest reserve in Espírito Santo, Pinto et al. (2010b) pointed out that, in addition to the great variety of resting sites, the availability of food sources influenced by a high diversity of vertebrates could also help to explain the high diversity and richness of species in the forest environment.
The results of the similarity analyses allow us to infer that the sand fly fauna can be more similar at the same elevation level with one clade for the highland conservation units and another for the intermediate elevation conservation units. Unfortunately, the Sooretama Biological Reserve made the lowlands conservation units a paraphyletic group. This may be because the sand fly collections from the Sooretama Biological Reserve present insufficient sampling of its sand fly fauna compared with the other lowland conservation units.
All the sand fly collections in the Sooretama Biological Reserve were performed using only modified Shannon traps (Virgens et al. 2008) , while in the other lowland conservation units, automatic CDC traps were used (Pinto et al. 2012a ,b, Ferreira et al. 2013 ). This sampling bias can explain the position of the Sooretama Biological Reserve in the trees. This hypothesis is also reinforced by the higher species richness recorded for the National Forest of Rio Preto and for the Natural Monument of Pontões Capixabas compared with the Sooretama Biological Reserve. The conservation level and larger forest area range of the Sooretama Biological Reserve is more similar to the conservation units of the intermediate and high lands, and it could explain its position in the trees. However, this corroborates the sampling bias hypothesis since the number of sand fly species is correlated to the extension of the forest cover range. Therefore, a more comprehensive sand fly survey from the Sooretama Biological Reserve is necessary, and more accurate methods are necessary to analyze the similarity among the conservation units of the state of Espírito Santo.
In this work, we presented aspects of the diversity of sand flies in an Atlantic Forest conservation unit in the state of Espírito Santo and pointed out preferences of some species for the peridomiciliary environment. We also discussed aspects concerning the risk of transmission of Leishmania parasites in the area and, finally, we raised the first hypothesis of similarity relationships among conservation units within the state of Espírito Santo.
